Abstract Construction and demolition (C&D) waste occupies the largest share of overall waste generation in many countries. However, waste management practices and outcomes may differ between countries. For instance, in Australia, C&D waste recovery is continuously improving during the last years but the amount of C&D waste increases every year, as there has been little improvement in waste avoidance and minimization. In contrast, in Germany, waste generation remains constant over many years despite the continuous economic growth. The waste recycling rate in Germany is one of the highest in the world. However, most waste recycled is from demolition work rather than from waste generated during new construction. In addition, specific laws need to be developed to further reduce landfill of nonrecycled waste. Despite of the differences, C&D waste generation and recovery in both countries depend on the effectiveness of the statutory framework, which regulates their waste management practices. This is an issue in other parts of the world as well. Therefore countries can learn from each other to improve their current statutory framework for C&D waste management. By taking Germany and Australia as an example, possible measures to improve current practices of C&D waste management through better statutory tools are identified in this paper. After providing an overview of the statutory framework of both countries and their status in waste generation and recovery, a SWOT analysis is conducted to identify strengths, weaknesses, opportunities and threats of the statutory tools. Recommendations to improve the current statutory frameworks, in order to achieve less waste generation and more waste recovery in the construction industry are provided for the German and Australian government and they can also be transferred to other countries.
Introduction
Construction and demolition (C&D) waste is a worldwide issue due to the rapid growth of towns and cities, and a significant number of illegal dumps [10] . It occupies the largest share of overall waste generation in many countries with their economic growth. The need and importance of C&D waste management and minimization is being recognized around the world. However, the practices and outcomes related to this are different between countries. For example, in Australia, most of the C&D waste (58 %) was recycled [5] . Despite the progress in waste recycling, there has been little improvement in waste avoidance, as the amount of waste continues growing every year [4, 5] . Compared to Australia, the total volume of C&D waste in Germany has remained constant over many years given the steadily growing economy [6] . The waste recovery rate in Germany is one of the highest in the world [3, 6] However, most waste recycled in Germany is from demolition work without much recovery from new construction waste. In addition, specific laws have yet to be developed to further reduce landfill of non-recycled waste.
The practices of waste management and minimization and situations of waste generation and recovery in Australia and Germany are regulated by their statutory framework of the government [13] . This is a common situation in other countries as well. There is the opportunity for different countries to learn from each other about experience and practice of the implementation of statutory tools for waste management.
The research presented in this paper intends to seek solutions to promote waste management and minimization practices through improved statutory framework. Take Germany and Australia as an example, it first provides an overview of the statutory frameworks in Germany and Australia and describes the status of waste generation and recovery in both countries. Then a SWOT analysis is performed to identify strengths, weaknesses, opportunities and threats of the statutory tools, before recommendations are proposed for both German and Australian governments to improve current statutory tools in order to result in more effective waste management and better outcomes of waste avoidance, minimization and recovery.
Statistics and Statutory Framework for C&D Waste Management in Germany

C&D Waste Generation and Recovery in Germany
C&D waste in Germany mainly consists of excavated earth, construction and demolition debris, road construction waste, gypsum-based construction material and construction waste. Table 1 shows the composition of C&D waste and the status of recycling in 2004. It can be noted that most of the waste recycling took place in demolition waste and road scarification and only little in waste generated by new constructions and through excavation.
Regarding the general situation of C&D waste treatment in Germany in 2008 as shown in Table 2 , most of the recovered waste was dealt with by "treatment for recovery", which largely avoided high energy consumption in energy recovery. For disposal, most of the waste went to landfill, followed by the "treatment for disposal". Only a small part of the waste was incinerated.
Statutory Tools
In Germany, the statutory tools for waste management are reviewed and the key information of them is presented in Table 3 .
Statistics and Statutory Framework for C&D Waste Management in Australia
C&D Waste Generation and Recovery in Australia
In Australia, the largest components of the C&D waste stream and the most commonly recycled materials in Australia are concrete, bricks, asphalt, soil, timber and . There is no consolidated data available at the national level about the specific compositions of C&D waste, which is land filled or recovered in Australia, because there are different waste categories used in each jurisdiction. Take New South Wales for example, the largest C&D waste components by weight land filled from 2006 to 2007 were concrete, asphalt, bricks and sand (31 %), soil and rubble (25 %), and timber (13 %), as shown in Table 4 . Although the recovery of C&D waste in Australia has improved significantly in recent years, it varies in different jurisdictions because of the different waste management laws and enforcement. Data in some jurisdictions is even unavailable. The waste recycling rates from 2006 to 2007 achieved by each jurisdiction are shown in Table 5 .
Statutory Tools
Information related to the Australian statutory tools for C&D waste management is summarized in 
SWOT Analysis
SWOT analysis is applied in this research to compare the statutory tools of waste management in Germany and Australia. SWOT is an acronym for strengths, weaknesses, opportunities and threats [11] . SWOT analysis was popularized by [1] It is used to develop four types of strategies, namely SO (strengths-opportunities) strategies, WO (weaknesses-opportunities) strategies, ST (strengths-threats) strategies, and WT (weaknesses-threats) strategies [2, 9] . Through SWOT analysis, the strengths, weaknesses, opportunities and threats of the statutory tools of both Germany and Australia are identified, as shown in Table 7 . Strategies indicated by SO, WO, ST, WT are also established and explained in the table.
Recommendations
Based on the findings from the SWOT analysis, recommendations are provided for both countries to improve their government regulations to encourage better waste management practices in the construction industry.
Recommendations for Germany
Recommendations drawn from the SWOT analysis for the improvement of German statutory tools for C&D waste management are listed in Table 9 . 
Recommendations for Australia
Recommendations drawn from the SWOT analysis for the improvement of Australian statutory tools for C&D waste management are listed in Table 10 .
Conclusions
C&D waste minimization is an important contributor to the goal of achieving sustainability of the construction industry. In order to regulate C&D waste management practices, governments around the world have established statutory tools to reduce waste generation and encourage waste recovery. The effectiveness of these statutory frameworks has resulted in different waste management status in different countries. Therefore countries can learn from each other about good experience in developing waste management regulations and practices in waste minimization and recovery. This paper discusses the comparison of different statutory frameworks for C&D waste management by taking Germany and Australia as an example. It firstly outlines the current statutory tools for C&D waste management in both countries and presents their situations of C&D waste generation and recovery. A SWOT analysis is conducted to identify their strengths, weaknesses, opportunities and threats with relevant strategies for improvement. Finally the recommendations are provided for Germany and Australia to improve their statutory frameworks and promote their industry practices of waste minimization and recovery. The recommendations for Germany include financial support for newly-construction waste recycling, legislations The high quality construction waste recycling and reuse and prevention of landfill
In the past the consortium "Kreislaufwirtschaftsträger Bau (KWTB)" of construction industry stakeholders existed, which made a voluntary commitment with the government to reduce landfilled construction waste (excluding excavation waste) within 10 years by 50 %. A similar voluntary commitment of the industry stakeholders including excavation waste and preventing landfill should be established again for reducing waste landfill, legislations for waste minimization by manufacturers, and incentive measures for technological innovation of packaging minimization and recovery. For Australia, recommendations are provided including waste legislations specific to C&D waste, technical instructions for C&D waste management, national waste classification system, national waste data tracking system, guidelines for sustainable construction, and financial incentives for waste recovery. The result of this research will provide a valuable reference for both German and Australian government to improve their current statutory frameworks for C&D waste management. It is also applicable to other countries to review and update their regulatory tools for C&D waste management.
